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ABSTRACT 
This paper provides a structural integrity assessment methodology for the analysis of non-metallic 
materials. The approach uses the BS 7910 Option 1 Failure Assessment Diagram, originally proposed for 
the fracture-plastic collapse assessment of metallic materials. The methodology has been applied to 60 
fracture specimens, combining twelve different materials and covering polymers, composites and rocks. 
The results obtained validate the proposed assessment methodology and demonstrate its safety for the 
materials analysed here. 
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   Nomenclature 
   a crack length 
   Ap  plastic area under the load-displacement curve in a fracture test 
 b0 initial remaining ligament 
   B specimen thickness 
   emax strain under maximum load 
   E elastic modulus    
    function of Lr defining FAD 
   J J integral 
   Je elastic component of J 
   Kmat material fracture resistance measured by stress intensity factor 
   KI stress intensity factor 
   KIC fracture toughness 
   Kr fracture ratio of applied KI to fracture resistance 
   Lr ratio of applied load to limit load 
   P applied load 
   PL limit load 
   N strain hardening exponent 
   η  dimensionless constant 
   W specimen width 
   σu ultimate tensile strength  
   σ0.2 0.2% proof strength 
   FAD Failure Assessment Diagram 
   FAL Failure Assessment Line 
   PMMA Polymethylmethacrylathe 
   SGFR-PA6 Short glass fibre reinforced polyamide 6 
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1.    INTRODUCTION 
A considerable number of structural failures are associated to the presence of crack-like defects. In order 
to avoid or predict such failures, structural integrity assessment procedures
1-4  
make wide use of fracture 
mechanics concepts and derivative tools such as Failure Assessment Diagrams (FADs). 
Until now, most structural integrity assessment procedures have only addressed the prediction of the 
fracture-plastic collapse of metallic materials. For example, FITNET FFS Procedure
1
 states the following 
in the introduction of the Fracture Module (Section 6): “The FITNET Fracture Module described in this 
section is based on fracture mechanics principles and is applicable to the assessment of metallic 
structures (with or without welds) containing actual or postulated flaws. The purpose of the analysis in 
this Module is to determine the significance, in terms of fracture and plastic collapse, of flaws postulated 
or present in metallic structures and components”. Similarly, the Scope section of BS7910
2
 states that 
“This British Standard gives guidance and recommendations for assessing the acceptability of flaws in all 
types of structures and components. Although emphasis is placed on welded fabrications in ferritic and 
austenitic steels and aluminium alloys, the procedures may be used for analysing flaws in structures 
made from other metallic materials and in non-welded components or structures”. However, the 
increasing use of new non-metallic materials on structural applications makes it necessary to develop 
structural integrity assessment tools for these types of materials. 
Thus, the main objective of this paper is to evaluate the use of the BS 7910 Option 1 FAD
2
 for non-
metallic materials. With this purpose, section 2 provides an overview of the FADs and the different FAD 
options within the BS 7910, section 3 describes the experimental programme (materials and methods), 
section 4 shows the results obtained and, finally, section 5, presents the corresponding conclusions. 
 
2.    FAILURE ASSESSMENT DIAGRAMS AND BS7910 ANALYSIS OPTIONS  
2.1 FAILURE ASSESSMENT DIAGRAMS 
Failure Assessment Diagrams (FADs) are one of the main engineering tools for the assessment of 
fracture-plastic collapse in cracked components
1-4
. These diagrams allow the simultaneous assessments of 
Page 3 of 31
Fatigue and Fracture of Engineering Materials and Structures

































































fracture and plastic collapse to be made by using two normalised parameters, Kr and Lr, whose 
expressions are:     
 = 	
  (1) 
 =  (2) 
Kr evaluates the component against fracture and it is defined by the ratio of KI to Kmat, KI being the stress 
intensity factor, and Kmat being the material fracture resistance measured by the stress intensity factor 
(e.g.; KIC, KJC, KJIC, etc.)
5,6
. Lr evaluates the component against plastic collapse and it is defined by the 
ratio P to PL, P being the applied load and PL being the limit load. 
Once the assessment point representing the cracked component being analysed is described by the Kr and 
Lr coordinates, it is necessary to define the limiting conditions. This is done by defining the Failure 
Assessment Line (FAL). Finally, if the assessment point is located above the FAL, the component is 
considered to be under unsafe conditions, whereas if the assessment point is located below the FAL, this 
means that the component is considered to be under safe conditions. The critical situation (failure 
condition) is that in which the assessment point lies exactly on the FAL. Fig. 1
1
 shows an example with 
the three different possible situations.  
 
2.2 BS 7910 ANALYSIS OPTIONS 
The general expression for the FAL in BS 7910 and other procedures is: 
 
 =   (3) 
 
The  functions are actually plasticity corrections to the fracture assessment  = , whose 
exact analytical solution is: 
 
 =   
 (4) 
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J being the applied J-integral and Je being its corresponding elastic component. This FAL corresponds to 
BS 7910 Option 3 FAD 
2
 and FITNET FFS Procedure Option 4 
1,7
. In practice, structural integrity 
assessment procedures
1-4
  provide approximate solutions to (4), which are defined through the tensile 
properties of the material. These approximate solutions are generally provided hierarchically, that is, 
defining different levels on which the more defined the material stress-strain curve, the more approximate 
are such solutions to (4). For example, BS 7910 
2
 defines Option 1, which requires both the yield or proof 
strength and the ultimate tensile strength. For materials exhibiting continuous yielding behaviour, Option 




 =  = 1 + 12 
/ ∙  0.3 + 0.7 ∙ %&∙'()																							 ≤ 1 (5) 
 
 
 =  = 1 ∙ ,, 																																																																						1 <  ≤ ,/  (6) 
 
 
 =  = 0																																																																																												 = ,/ 		 	 (7) 
	




; = 0.3 ∙ <1 − 676>? (9) 
 
 
,/ = @AB@C∙@A   (10) 
 
The µ and N parameters follow expressions (equations (8) and (9), respectively) that have been calibrated 
and validated for metallic materials 
8-11
, but not for non-metallic ones. This is the main reason why 
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structural integrity procedures such as FITNET FFS Procedure and BS7910 do not cover the fracture 
assessment of non-metallic materials. 
On the other hand, BS 7910 Option 2 or FITNET FFS Procedure Option 3 requires the full stress-strain 
curve and is defined by equations (11) to (13): 
 
 = D5EF67 + 
G6725EFH
 ⁄ 																																																																				 < ,/ (11) 
 
where εref is the true strain at the true stress σref = Lrσy 
 
 = 0																																																																																																													 > ,/  (12) 
 
Lrmax also follows equation (10) 
 
Option 1 FAD is, therefore, the most simple analysis option of BS 7910 and, in practice, it is the most 
widely used by industry. However the main structural integrity assessment procedures
1-4
, and particularly, 
the BS 7910, specifically state that their application is limited to metallic materials. Thus, the structural 
integrity assessment of non-metallic components cannot, in principle, be performed by using such codes 
or documents. 
 
3.    MATERIALS AND METHODS 
The possibility of using FADs for the structural integrity assessment of non-metallic components has been 
analysed in the following materials and specimens: 
- PMMA: 3 Single Edge Notched Bending (SENB) specimens (see Fig. 2) 
12-14
.  As shown by Cicero et 
al. 
13
, PMMA cracked specimens developed a basically linear-elastic behaviour until final failure. The 
fracture surface had a brittle aspect, with a clear distinction of the mirror zone or mirror region, 
which is a zone where thin planar crazes form a flat smooth fracture origin associated to slow crack 
growth. Because of the presence of a thin layer of highly oriented polymer (crazing) with a different 
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refractive index from that of the bulk, interference colour fringes, identified in Cicero et al.
13
 as 
‘‘initiation lines’’, were observed in the mirror region. The resulting broken surface is quite smooth 
(see Cicero et al.
13
 for further details). Table 1 shows the mechanical properties of the material, 
obtained as the average values from two tensile tests performed following ASTM D638 
15
. 
- Granite: 6 Single Edge Notched Bending (SENB) specimens (see Fig. 3) 
16
. The behaviour of the 
specimens was again brittle. In all tests, fracture took place across the middle plane of the specimens, 
starting from the crack tip. The fracture surfaces were basically flat and had a brittle aspect (see  
Cicero et al.
16
] for further details). The main mechanical properties of the material are shown in Table 
1, obtained as the average values from six splitting tensile tests (Brazilian test) performed following 
UNE 22590 
17, 18
. The splitting tensile test provides an indirect measurement of the tensile strength of 
rocks. It generates tensile failure of cylindrical rock specimens by subjecting such specimens to 
compressive force along two opposite generatrixes. Specimens usually have a 54 mm diameter and a 
height-to-diameter ratio of 2.5 to 3.0. The sample is positioned horizontally and loaded in 
compression until its flat ends split, with the material corresponding tensile strength being directly 




- Oolitic limestone: 6 Single Edge Notched Bending (SENB) specimens (see Fig. 3) (see Cicero et al. 
16
). Fracture characteristics were similar to those mentioned above for the granite specimens. The 
main mechanical properties of the material are shown in Table 1, obtained as the average values from 
six splitting tensile tests (Brazilian test) performed following UNE 22590 
17,18
. 
- Polyamide 6: 5 Single Edge Notched Bending (SENB) specimens (tested in 3-points) (see Fig. 2 and 
Ibañez-Gutiérrez et al. 
19
. Mechanical properties were obtained as the average values from two tensile 
tests performed following ASTM D638 
15
, and are shown in Table 1. All the specimens (tensile and 
fracture) were tested in dry conditions (0% moisture). 
- Short glass fibre reinforced polyamide 6 (SGFR-PA6) (5 wt. %): 5 Single Edge Notched Bending 
(SENB) specimens (tested in 3-points) (see Fig. 2) 
19
. The fracture resistance of the specimens 
presented significant scatter 
19
. Those specimens with the lowest fracture resistance had a brittle 
aspect, and presented the typical fracture pattern for cracked polymers, with the following zones: 
mirror zone (smooth and flat surface around the initiation point), mist zone (flat smooth area 
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surrounding the mirror region that shows a slight change in the surface texture) and deformation zone 
(whose texture is directly related to the type of loading and the applied stress). On the other hand, 
those specimens with higher fracture resistance presented multiple imitation areas, a rougher texture 
and presence of dimples, which are an indication of non-linear (tougher) micromechanisms 
19
. The 
mechanical properties were obtained as the average values from two tensile tests performed 
following ASTM D638 
15
, and are shown in Table 1. All the specimens (tensile and fracture) were 
tested in dry conditions 
- Short glass fibre reinforced polyamide 6 (10 wt. %): 5 Single Edge Notched Bending (SENB) 
specimens (tested in 3-points) (see Fig. 2) 
19
. The evolution in the fracture micromechanisms is 
evident when the fibre content increases (from 0 wt. % up to 50 wt% fibre content) 
19
: while there is 
a basically global brittle aspect in polyamide 6 specimens, there is an increasing rougher and more 
non-linear aspect when the fibre content increases. This evolution in the fracture micromechanisms is 
in agreement with the corresponding reported increase in the fracture resistance 
19
. The mechanical 
properties were obtained as the average from two tensile tests performed following ASTM D638 
15
, 
and are also shown in Table 1. All the specimens (tensile and fracture) were tested in dry conditions 
- Short glass fibre reinforced polyamide 6 (30 wt. %): 5 Single Edge Notched Bending (SENB) 
specimens (tested in 3-points) (see Fig. 2) 
19
. The mechanical properties were obtained as the average 
values from two tensile tests performed following ASTM D638 
15
 (see Table 1). All the specimens 
(tensile and fracture) were tested in dry conditions 
- Short glass fibre reinforced polyamide 6 (50 wt. %): 5 Single Edge Notched Bending (SENB) 
specimens (tested in 3-points) (see Fig. 2) 
19
. Table 1 shows the corresponding mechanical properties, 
obtained as the average values from two tensile tests performed following ASTM D638 
15
. All the 
specimens (tensile and fracture) were tested in dry conditions. 
- Short glass fibre reinforced polyamide 6 (10 wt. %) and 2% moisture content: 5 Single Edge Notched 
Bending (SENB) specimens (tested in 3-points) (see Fig. 2). Table 1 shows the corresponding 
mechanical properties, obtained as the average values from two tensile tests performed following 
ASTM D638 
15
. In this case (and also in the following ones where the specimens contain different 
amounts of moisture), it is observed that the introduction of moisture in SGFR-PA6 reduces the 
material strength and increases its ductility. These specimens, and the ones gathered below with 
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different combinations of moisture and fibre contents, have been specifically tested for the analysis 
performed in this paper. 
- Short glass fibre reinforced polyamide 6 (10 wt. %) and 5% moisture content: 5 Single Edge Notched 
Bending (SENB) specimens (tested in 3-points) (see Fig. 2). Table 1gathers the corresponding 




- Short glass fibre reinforced polyamide 6 (50 wt. %) and 2% moisture content: 5 Single Edge Notched 
Bending (SENB) specimens (tested in 3-points) (see Fig. 2). The corresponding mechanical 
properties are shown in Table 1, and were obtained as the average values from two tensile tests 
performed following ASTM D638 
15
.  
- Short glass fibre reinforced polyamide 6 (50 wt. %) and 4% moisture content: 5 Single Edge Notched 
Bending (SENB) specimens (tested in 3-points) (see Fig. 2). Table 1 shows the corresponding 




The corresponding stress-strain curves are shown in Fig. 4. 
Table 2 shows the fracture loads of the different specimens. 
Concerning the material fracture toughness, the above mentioned specimens were tested following 
20
, in 
the case of polymers and dry composites, and 
21
 in the case of rocks. For the case of SGFR-PA6 materials 
with moisture contents, the observed fracture behaviour had a significant plastic component, so the 
fracture resistance was measured following 
6,22
. 
The KI expression for Single Edge Notched Bending (tested in 3-points) (PMMA, PA6 and dry SGFR-





3 NM O PM
2Q1 + 2PMR Q1 − PMRG S
1,99 − PM Q1 − PMR <2,15 − 3,93 Q PMR + 2,70 Q PMR
? (13) 
 
Page 9 of 31
Fatigue and Fracture of Engineering Materials and Structures

































































where P is the applied load, B is the specimen thickness, a is the crack length and W is the specimen 
width. 
For SGFR-PA6 (10, 50 wt. %) with different moisture contents (2%, 4% or 5%), Kmat was obtained from: 
 
 =  51 − V (14) 
           
 
Jmat is the J-integral at onset of fracture, E is the Young´s modulus and υ is the Poisson´s ratio 
22
, Jmat is 
obtained from equation (15): 
 
 =  + W = 1 − V5 + XYWKZ[ (15) 
       
 
Je and Jp are, respectively, the elastic and plastic components of Jmat, η is a dimensionless constant 
22, Ap 
is the plastic area under the corresponding load-displacement curve (e.g., Fig. 5), b0 is the initial 
remaining ligament, B the specimen thickness and KI is elastic stress intensity factor at instability 
(equation (13)).  
 
There are several methodologies for the assessment of fracture toughness in rocks 
21-28
. The methodology 
that has been selected here to determine this material property was originally proposed by Srawley and 
Gross 
21
. The expression for Single Edge Notched Bending (tested in 4-points) (granite and oolitic 
limestone) is:  
 = \ ∗ ^Z ∗ ℎ S  (16) 
where:    
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^ = 3 ∗ [ − ` ∗ a[ ⁄ ∗ b2ℎ ∗ 1 − a[G ⁄  (17) 
b = 1,9887 − deG,fg[,hijk,Gljkmn∗jk∗jkBjkm o − 1,32a[  (18) 
 
F is the applied load, b is the remaining ligament, h is the height of the specimen, L0 and Li are the spans 
between the outer and inner loading points, respectively, a is the crack length and α0=a0/h. Here, it should 
be noted that size effects 
30-32
, which are a key issue in rock fracture mechanics, are not directly addressed 
in this work, so that the obtained material parameters and analytical results (together with the subsequent 
conclusions) may not be transferable to different scales (e.g., massive rocks). 
Fig. 6 shows the values of fracture resistance of the different non-metallic materials being analysed.  It 
can be observed how this parameter tends to increase with moisture content in SGFR-PA6 (10 wt. %), 
whereas it clearly decreases with moisture content in SGFR-PA6 (50 wt. %). 
4.   DEFINITION OF BS 7910 OPTION 1 FAD FOR NON METALLIC MATERIALS 
In the same way as it was done for metals, the parameters µ and N, used in BS 7910 Option 1 FAD 2, 
should be defined for non-metallic materials. 
In order to characterize µ, equation (8) guarantees that the results obtained by BS 7910 Option 1 2 FAD 
are more conservative than those obtained by the more accurate analytical solution provided by BS 7910 
Option 2 FAD 2. The exact µ values can be obtained by using the following expressions 8,9, which are 
derived by obliging equation (5) (FAD Option 1) to be lower or equal to equation (11) (FAD Option 2): 
 
32




ß = 1 + 567 0.002 (20) 
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Fig. 7 shows the safe estimate associated to BS7910 FAD Option 1 (equation (8)) and the corresponding 
points of the non-metallic materials being analysed. The points are located below the curve provided by 
equation (8), so this equation (used by BS7910 as a safe estimate for metallic materials) is also a safe 
estimate for the non-metallic materials analysed here. This figure also shows the original points used for 
the fitting, all of them associated to metallic materials 
8,9
. 
Similarly, equation (9) defines a lower envelope of the strain hardening exponent (N) of a number of 
steels 
9
. The experimental results of the strain hardening exponent (N) for the non-metallic materials 
analysed here have been obtained by using the Hollomon equation, the results being shown in Table 3. In 
Fig. 8, it can be seen that the experimental results of the strain hardening exponent (N) obtained by using 
the Hollomon equation are more conservative than those values proposed by 
10, 11
. It can be observed that 
the 0.3 factor from Equation (9) could be slightly increased  in the materials being studied. Assuming a 
factor of 0.3 is, therefore, a conservative practice. 
With all this, it can be concluded that both equations (8) and (9) provide conservative estimations of µ 
and N, respectively, in the non-metallic materials analysed here. Thus, the use of BS 7910 Option 1 FAD 
is safe for such materials. 
 
 
5.   VALIDATION: BS 7910 OPTION 1 ANALYSIS OF NON-METALLIC MATERIALS 
In section 2, Kr was defined as the ratio of KI to Kmat, and Lr was defined as the ratio of P to PL. 
The values of KI for Single Edge Notched Bending (tested in 3-points) can be obtained by the application 
of equation (13), while the KI values for Single Edge Notched Bending (tested in 4-points) may be 
obtained by using equations (16) to (18). 
On the other hand, the values of Kmat usually considered in structural integrity assessments correspond to 
a 95% confidence level (or similar). This, assuming a normal distribution, is equal to the mean (the 
average of the experimental values of the fracture resistance for each particular material, Kmat,avg) minus 
1645 times the standard deviation of the Kmat tests results obtained on each material (equation (21)): 
 
gl% = ,tu − 1.645 ∙ wxy	 (21) 
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The applied load (P) is shown in Table 2, and it corresponds to the fracture load obtained by testing the 
specimens. 
In order to determinate the limit load (PL), it is necessary to distinguish between plane strain and plane 
stress situations. 
Plane strain conditions dominate when equation (22) is fulfilled 
33
: 
 < 6z ∙ < K2.5?
/
 (22) 
        
In this case, the limit load may be defined by equation (23): 
 
 = .f[i·Q|Rm·}m∙~∙@A   (23) 
         
Where a is the crack size, W is the specimen width, b is the remaining ligament, B is the thickness of the 
specimen, σy is the yield stress or proof stress, and S is the span of the specimen. 
 




 > 6z ∙ K/ (24) 
        
The corresponding limit load is given by: 
 
 = .[∙Q |Rm·}m·~∙@A   (25) 
         
These two solutions of PL (plane strain and plane stress) are where taken from R6 Procedure 
3
, given that 
BS7910 2 does not explicitly provide solutions of PL for SENB specimens. 
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If the Kmat value is located between plane strain conditions and plane stress conditions, the value of PL 
should be defined by interpolating both values (plane strain - plane stress values). 
Fig. 9 presents the results obtained for the structural integrity assessment of the twelve non-metallic 
materials studied here when applying the FAD methodology. All the assessment points at failure 
correspond to safe structural integrity evaluations, given that there are no assessment points within the 
safe area. 
 
6.    CONCLUSIONS 
This paper suggests the applicability of BS 7910 Option 1 FAD for the structural integrity assessment of 
non-metallic materials, validating its use for twelve different materials. The experimental programme is 
composed of 60 fracture specimens, combining 12 different non-metallic materials (PMMA, granite, 
oolitic limestone, PA6 and SGFR-PA6 (5, 10, 30, 50 wt. %)) in dry conditions and SGFR-PA6 (10, 50 
wt. %) with different moisture contents. 
The values of the FAD fitting parameters (µ and N) used in BS 7910 Option 1, originally defined for 
metallic materials, may also be  used for the non-metallic materials analysed here, providing a safe 
estimate of their actual values.  
The application of BS 7910 Option 1 FAD to the non-metallic materials analysed here (covering 
polymers, composites and rocks) has provided safe assessments. 
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Table 1. Mechanical properties of different non-metallic materials tested. E: Elastic Modulus; σ0.2: Proof 
strength; σu: ultimate tensile strength; emax: strain under maximum load. 
 
Material σ0.2 (MPa) σu (MPa) E (GPa) emáx (%) 
PMMA 48.5 72.0 3.4 4.05 
Granite 9.0 9.0 45.6 - 
Limestone 7.8 7.8 64.1 - 
PA6 54.2 54.2 2.9 2.07 
SGFR-PA6 (5 wt. %) (0 moist %) 66.9 72.1 3.3 2.67 
SGFR-PA6 (10 wt. %) (0 moist %) 70.2 78.2 3.6 2.84 
SGFR-PA6 (30 wt. %) (0 moist %) 105.4 128.0 6.5 3.56 
SGFR-PA6 (50 wt. %) (0 moist %) 161.2 192.8 12.6 2.47 
SGFR-PA6 (10 wt. %) (2 moist %) 29.4 63.15 2 18.6 
SGFR-PA6 (10 wt. %) (5 moist %) 23.5 47.5 0.95 22.7 
SGFR-PA6 (50 wt. %) (2 moist %) 63.25 112.35 7.06 4.09 
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Table 2. Fracture loads.   




(30 wt. %) 
(0 moist %) 
1 253.50 
2 83.00 2 195.50 
3 131.23 3 195.70 
Granite 
1 657.871 4 171.70 
2 538.927 5 180.10 
3 809.095 
SGFR-PA6 
(50 wt. %) 
(0 moist %) 
1 348.70 
4 660.833 2 351.80 
5 794.461 3 331.80 
6 719.049 4 346.40 
Oolitic 
limestone 
1 351.372 5 369.40 
2 392.182 
SGFR-PA6  
(10 wt. %) 
(2 moist %) 
1 157.90 
3 361.366 2 160.70 
4 386.044 3 173.80 
5 304.196 4 161.10 
6 356.81 5 188.10 
PA6 
1 92.00 SGFR-PA6 
 (10 wt. %) 
  (5 moist 
%) 
1 147.10 
2 66.20 2 161.70 
3 110.50 3 153.80 
4 93.20 4 164.00 
5 83.10 
SGFR-PA6 
 (50 wt. %) 




(5 wt. %) 
(0 moist %) 
1 100.50 2 352.80 
2 69.60 3 342.40 
3 73.30 4 296.00 
4 72.00 5 333.00 
5 69.00 SGFR-PA6  
(50 wt. %) 
(4 moist %) 
1 234.10 
SGFR-PA6  
(10 wt. %)  
1 117.50 2 211.30 
2 107.20 3 203.30 
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(0 moist %) 3 70.20 4 231.90 
4 76.70 5 224.50 
5 95.90 
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Table 3. Values of N obtained by using the Hollomon equation. 
 





SGFR-PA6 (5 wt. %) (0 moist %) 0.104 
SGFR-PA6 (10 wt. %) (0 moist %) 0.106 
SGFR-PA6 (30 wt. %) (0 moist %) 0.116 
SGFR-PA6 (50 wt. %) (0 moist %) 0.12 
SGFR-PA6 (10 wt. %) (2 moist %) 0.1495 
SGFR-PA6 (10 wt. %) (5 moist %) 0.1836 
SGFR-PA6 (50 wt. %) (2 moist %) 0.24 
SGFR-PA6 (50 wt. %) (4 moist %) 0.25 
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Lr = P/PL 
Kr  
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Safe estimate (BS 7910 [2]), equation (8)
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BS 7910 estimate, equation (9)
Experimental results
Page 30 of 31
Fatigue and Fracture of Engineering Materials and Structures
























































































































































































































Page 31 of 31
Fatigue and Fracture of Engineering Materials and Structures
Fatigue and Fracture of Engineering Materials and Structures
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
